Ultrastructural studies of germ cell development during spermatogenesis and taxonomic values in mature sperm morphology of Argopecten irradians irradians were investigated by transmission electron microscopic observations. In the early stage of spermatid during spermiogenesis, a few granules and proacrosomal granules are formed by the Golgi complex. In the late stage of spermatid during spermiogenesis, a proacrosomal vesicle becomes an acrosomal vesicle in the acrosome through spermiogenesis. The sperm is approximately 45-48 μm in length including a jar-shaped sperm nucleus (about 1.45 μm long), an acrosome (about 0.34 μm long) and tail flagellum. The axoneme of the sperm tail shows a 9+2 structure. As one of common characteristics of mature sperm morphologies in Pectinidae species in subclass Pteriomorphia, mature spermatozoon consists of the cone-shaped acrosomal vesicle and subacrosomal material on the invaginated jar-shaped nucleus. The acrosomal vesicle of this species is composed of electron high dense opaque part (material) from the base to the tip, as have seen in the species in the subclass Pteriomorphia. Exceptionally, five mitochondria are found in the sperm midpiece of this species, unlike four in most species of Pectinidae in subclass Pteriomorphia. However, the acrosomal vesicle of spermatozoa of A. irradians irradians resemble to those of other investigated Pectinidae species in subclass Pteriomorphia. Therefore, we can use sperm morphology as a tool in the resolution of taxonomic relationships within the Pectinidae species. These morphological charateristics of acrosomal vesicle belong to the family Pectinidae in the subclass Pteriomorphia.
INTRODUCTION
Recently, the utrastructure of the testis, spermatogenesis and mature sperm morphology have been decribed in Ostreidae species of bivalve molluscs using both light and electron microscopy (Longo and Dornfield, 1967; Longo and Anderson, 1969; Franzen, 1970 Franzen, , 1983 Baccetti and Afzelius, 1996; Baccetti, 1979; Popham, 1974 Popham, , 1979 Healy, 1989 Healy, , 1995 Sousa and Oliveria, 1994; Eckelbarger et al., 1990; Eckelbarger and Davis, 1996; Kim, 2001; Kim et al., 2010a,b) . To date, sperm ultrastructure has been used as a tool in assessing taxonomic problems and phylogenetic relationships in the Metazoa through the use of spermiocladistic analysis (Jamiesen, 1991) . In general, it is well-known that bivalve molluscs possess a sperm that is primitive in form (Frazen, 1956 ), a characteristic of many Metazoa, which discharge sperm directly into the water (Franzen, 1970 (Franzen, , 1983 ).
In the sperm ultrastructure and morphology in the bivalves, there is little variation in the fine structures of the tail and the midpiece but great variation in the form of the nucleus and particularly the acrosome (Popham, 1979) . Sperm morphology has been used successfully as an aid in the examination of the phylogeny of bivalvia (Popham, 1979; Bernard and Hodgson, 1985 , Healy, 1989 , 1995 . Kim (2001) suggested that comparative ultrastructure of scallop spermatozoa might also prove taxonomically useful, provided that morphological differences between taxa could be found. However, although there are some information relating to the ultrastructure of scallop sperm (Popham, 1979; Bernard and Hodgson, 1985) .
Previously, regarding A. irradians irradians, there have been several studies on reproduction aspects, including the reproductive cycle (Oh, 2000; Oh et al., 2002) , artificial spawning, larval and spat development (Oh et al., 2003) and ultrastructure of spermatogenesis (Kim, 2001) , comparative spermatozoon morphology and bivalve phylogeny (Popham, 1979) , on aspects of aquaculture, including aquaculture (Chew and Fusui, 1993) , effect of rearing density in culture cage on growth (Oh et al., 2000) , seedling production and aquacultur (Oh, 2000) and effect of selected spat on growth (Oh et al., 2002a,b) , on aspects of ecology, including the influence of experimental water currents (Castagna and Duggan, 1971; Kirby-Smith, 1972) , suspension feeding aquaculture system (Kirby-Smith and Barber, 1974; Rhodes and Wildman, 1980), growth (Oh and Jung, 1999; Rines, 1985) , growth in three rearing sites (Oh et al., 2003) , on aspect of ecology, including distribution, habitat and classification (Kwon et al., 1993; Min et al.. 2004 hence it may be the most useful structure in assessing phylogenetic relations (Franzén, 1970 (Franzén, , 1983 Epon-embedded specimens were cut with glass knives on a Sorvall MT-2 microtome and LKB ultramicrotome at a thickness of about 80-100 nm.
Tissue sections were mounted on collodion-coated copper grids, doubly stained with uranyl acetate followed by lead citrate, and observed with a JEM 100 CX-Ⅱ (80-KV) electron microscope. The nucleus (3.3-3.7 μm in diameter) of the primary spermatocytes contains chromatin slightly denser than that of the secondary spermatogonium.
RESULTS

Ultrastructure of germ cells during spermatogenesis
The synaptonemal complexes in the nucleus appear in the prophase during the first maturation division.
Several mitochondria appear in the cytoplasm ( And then a flagellum formed from the distal centriole near the satellite fibers (Fig. 9) . (Fig. 13) .
DISCUSSION
Spermatogenesis
In general, the process of spermatogenesis in A.
irradians irradians showed similar phenomena to those of other bivalves and more specifically of Pteriormorphia species (Eckelbarger et al., 1990; Eckelbarger and Davis, 1996; Gaulejac et al., 1995; Chung et al., 2007 Chung et al., , 2010 Kim et al., 2010a,b) .
Spermatogenesis occurred through the interaction between germ cells in the acini. To date, many studies have shown that most bivalves have primitive spermatozoa (Franzen, 1983; Chung et al., 2007; Kim et al., 2010a,b) , typical bivalves which release their gametes into the surrouding water (Franzen, 1983; Gaulejac et al., 1995; Eckelbarger et al., 1990; Kim, 2001; Chung et al., 2007; Kim et al., 2010a,b) . In this study, during the process of spermatogenesis of germ cells, the synaptonemal complexes in the nucleus of the primary spermatocyte appeared in the pachytene stage in the prophase during the first maturation division. Commonly, it was easy to observe that the pachytene stage in the primary spermatocyte was characterized by the presence of synaptonemal complexes in the nucleus. Recently, Sousa et al., (1989) suggested that the Golgi complex may form only a single acrosomal vesicle in a manner similar to other molluscs. As seen in the spermatid stage in
Perna perna (Bernard and Hodgson, 1985) and Pecten maximus (Dorange and Le Pennec, 1989) To date, many researchers (Longo and Dornfeld, 1967; Longo and Anderson, 1969; Baccetti and Afzelius, 1976; Bacetti, 1979; Bernard and Hodgson, 1985; Healy, 1989 Healy, , 1988 Healy, , 1995 (Kim, 2001; Kim et al., 2010a,b) . All family species in the subclass Heterodonta do not have satellite fiber near the distal centriole in the sperm midpiece.
However, commonly, satelite fibers were found in all species of Pectinidae, Ostreidae and Mytilidae and Arcidae in subclass Pteriomorphia. Recently, the number of mitochondria in the sperm midpiece have been now widely used in taxonomic analyses because the number of mitochondria in the sperm midpiece tends to be stable within any given family or superfamily (Healy, 1989 (Healy, , 1995 . To date, many authors (Chung and Ryou, 2000; Kim, 2001; Chung et al., 2007; 2010) described that the number of mitochondria in the midpiece of the spermatozoon were four in families Ostreidae and Pectinidae in the subclass Pteriomorphia, and also Veneridae, Solenidae and Corbiculidae in the subclass Heterodonta.
However, these numbers are five in Arcidae, Mytilidae, Pinnidae in the subclass Pteriomorphia, and in part of Veneridae in subclass Heterodonta.
However, even though it is the same species, sometimes, the number of mitochondria in the sperm miedpiece showed some differences containing four or five. Occasionaly, within the same family, the number of mitochondria in the sperm midpiece of most species in Pectinidae in subclass Pteriomorphia are four, however, exceptionally, five in A. irradians irradians in the same Pectinidae in subclass Pteriomorphia.
Thus, the number of the mitochondria in the sperm midpiece showed slight differences in number and varied with the species or with the species within the same family. Thus, the number of mitochondria in the sperm midpiece were not concerned with the subclasses, but in general, their numbers were concerned with family or superfamily (Healy, 1995) .
Therefore, our results on the number of mitochondria coincide with Healy's opinion (1995).
